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introduction

Course Overview

I]g Pressure Safety Orientation is required for all Los Alamos National
Laboratory personnel who work on or near pressure systems and
are exposed to pressure-related hazards. This includes pressure-
system engineers, designers, fabricators, installers, operators,
inspectors, maintainers, and others who work with pressurized
fluids and may be exposed to pressure-related hazards.

This course includes introductory information on the following
topics:

¢ the Laboratory Pressure Safety Program,

o pressure-related hazards and accidents, and

e pressure system safety.

Course Objectives

When you have completzd this course, you will be able to

e recognize ihat gas compressed above atmospheric pressure
can be a significant source of energy and must be handied
carefully,

¢ list the major components of the Laboratory Pressure Safety
Program,

e describe pressure-related accidents and lessons leamned, and
e recognize basic pressure system safety features.

Pressure Safety Orientation
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Module 1: Laboratory Pressure Safety Program

Module Overview

n@ ' To help protect workers and others from pressure-related hazards,
the Laboratory has instituted a pressure safety program designed
to increase your awareness of and mitigate such hazards.

Module Objectives

When you have completed this module, you will be able to
o list training requirements for pressure-system workers;

o identify pressure-related codes, standards, regulations, and
Laboratory requirements; and

o identify Laboratory pressure safety resources and supports.

Pressure Safety Training Requirements

At the Laboratory, all pressure systeins must be designed,
installed, tested, inspected, Siaintained, and operated by trained
and qualified personnel.

Line managers are responsible for ensuring that their workers are
trained and qualified. However, if you feel you are not sufficiently
prepared for a particular job, you should request further training
before you begin the work.

Other safety courses are required if they apply to your job. These
include _

o (as Cylinder Safety,

e In’srmediate- and High-Pressure Safety,

o Cryogen Safety, and

e Hydrcgen Gas Safety (Seif-Study).

Pressure Safety Orientation ' 3



Module 1: Laboratory Pressure Safety Program ‘

' Pressure Safety Documents

Many hazardous operations require the use of clear, written hazard
control plans (HCPs) or special work permits (SWPs). These help
ensure that all safety precautions are taken. They also support a
continuing “institutional memory" of safety precautions as personnel
come and go. Laboratory pressure safety documents are based on a
variety of pressure-related codes, standards, and regulations.

Safety Codes, Standards, and Régulaﬁons

All pressure systems must be designed, installed, tested,
inspected, maintained, and operated in compliance with national
codes and consensus standards, including

American Society of Mechanical Engineers (ASME) Boiler and
Pressure Vessel Code;

American National Standards Institute (ANSI)/ASME Pressure
Piping Code;

Matheson Gas Data Book;

Compressed Gas Association (CGA) handbook and pamphlets;
National Fire Codes and Standards;

Title 29, Labor, Code of Federal Regulations, Part 19Q
(29 CFR 1910);

Title 49, Transportation, Code of Federz! Regulations, Parts
106-180 (49 CFR 106-180);

Uniform Fire Code,
Unifori Building Code; and
federal and state environmental regulations.




Module 1: Laboratory Pressure Safety Program

Pressure Safety Documents—continued

Laboratory Pressure Safety Program Documents

The Laboratory interprets these codes and standards and provides
guidance for safety compliance. These interpretations are located
online in Laboratory Implementation Requirements (LIRs) and
Laboratory Implementation Guidelines (LIGs). They include

o LIR402-510-01, Chemical Management;

o LIR402-1200-01.0, Pressure, Vacuum, and Cryogenic Systems;
o LIR402-580-01.0, Cryogenic Fluids or Cryogens;

o LIG402-1200-01, Compressed Gases;

o LIG402-1200-03, Gaseous and Liquid Hydrogen; and

o LIG402-1200-02, Inspection and Testing of Pressure Systems.




Pressure Safety Program Assistance

Module 1: Laboratory Pressure Safety Program

Various groups at the Laboratory are part of the pressure safety
program and can help with many phases of pressurized work. .

Phone
Pressure Safety issue Group Number
ﬁ

Operational controls Industrial Hygiene and Safety | 7-4644
Group (ESH-5)

Toxicity and ventilation ESH-5 7-5231

System design Project Management Division | 5-0000
Office (PM-DO)

Operation, maintenance, Facilities Operations, 7-4657

and testing Maintenance, and Modification
Group (FWO-FE)

Fire-protection standards | Fire Protection Group (FWO- 7-8045
FIRE) .

Pressure-gauge calibration | Standards and Calibration 7-4864
Group (ESA-MT)

Gas-facility safety Materials Management Grouo | 7-4406
(BUS-4) B

Risk analysis Facility Risk Management 7-3363
Sroup (ESH-3)

Training Environment, Safety, and Health | 7-0059
Training Group (ESH-13)




Module 1: Laboratory Pressure Safety Program

Pressure Safety Program Assistance—continued

Two pressure safety committees at the Laboratory offer help with
review and guidance.

Committee l Services

Cryogen and Liquefied * Reviews pressure safety program
Gas Safety Committee documents.

(CLGSC) » Distributes information.

* Assists with hazard assessments, HCPs,
and SWPs.

* Reviews operations, systems, and the
safety of cryogenic Dewars.

For information on the CLGSC, call 7-4240.

Pressure Vessel and * Reviews designs.

Piping Committee (PVPC) |, Aqvises and consults.

* Prescribes Laboratory-wide safeguards.
* Reviews noncode designs.

* Reviews vacuum vesseis.

For information on the PVPC, zall 5-8503.




Module 1: Laboratory Pressure Safety Program

Lessons Learned: Dewar Explosion

Scenario

in December 1992, researchers at the Laboratory were using small
quantities of liquid nitrogen to cool a neutron detector. To avoid
having to repeatedly return to work during the winter holidays, they
improvised a delivery system to automatically cool the equipment
from a larger Dewar. Their homemade system included an inverted
Dewar to deliver the liquid. An inadequate vent line passed the
liquid nitrogen through to the atmosphere. The Dewar was
connected to the detector equipment with noncryogenic valves and
was capped with a heat-conducting cap before being inverted. No
extra relief valve or rupture disc was included in the system.

After filling, the Dewar began to pop like a coffee percolator, and
streams of liquid vented from the detector relief valve. Approximately
three minutes after the office was vacated, the Dewar exploded,
causing extensive damage to the room. A motion detector located
nearby was jarred, which registered the explosion and initiated a
search. A window was blown out, the ceiling and walls were
damaged, and scientific equipment in the room was damaged.

Fortunately, the Dewar failed at approximately 500 pounds per
square inch (psi). Confined boiling liquid nitrogen can ie~ch
pressures as high as 43,000 psi—a level of energy that can cause
mass destruction and fatalities.

Causes

Investigators determined that the immediate cause of the accident
was an obstruction in the vent line, caused either because a cap
screw was wireaded into it or because an ice plug formed in it.
Pressure buildup with inadequate pressure relief caused the inner
wall of the Dewar to fail. When the fluid reached the warm outer
wall, it quickly began to boi!, creating pressure that caused the
outer vessel to explode.

Investigators determined that this system had not been reviewed
independentty for safety and reliability, a violation of administrativ:e
requirements. They also found that the workers lacked adequate
awareness of thz properties and hazards of cryogens and adequate
training and experience in the design of such systems.




Module 1: Laboratory Pressure Safety Program

Lessons Learned: Dewar Explosion—continued

Corrective Actions

The disregard of adminstrative requirements for proper engineering
review prompted a call for strict adherence to the pressure
protocols in LIR402-580-01.0.

Future operations and any changes to existing procedures were to
be thoroughly reviewed by appropriate organizations. Training
plans, inciuding on-the-job training, were improved to provide
better-qualified personnel. Workers and supervisors were reminded
of their training responsibilities. HCPs were written for the use of
liquid nitrogen. Requirements for yearly safety inspections and daily
walkdowns by the area supervisor were reinforced. Training plans,
which include on-the-job training, were revised, and workers and
supervisors were reminded of their training responsibilities.

Pressure Safety Orientstion ry
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Module 2: Pressure-Related Hazards and Accidents

Module Overview

ISy

Pressure systems can be the source of serious accidents, some
resulting from the characteristics of the pressurized contents,
others from pressure-related impacts on the system or its

‘surroundings. Recognizing the major causes and types of pressure-

related accidents and their possible outcomes underscores the
importance of safe work practices in preventing such accidents.

Module Objectives

When you have completed this module, you will be able to
e recognize hazards associated with pressurized fluids,
o describe the causes of pressure-related accidents, and

e recognize the importance of safety while working with
pressurized systems and containers.

Hazards Associated with Pressurized Flvids

"Pressurizzy gases and liquids pose various hazards that can result

in personal injury and property damage. Your familiarity with these
hazards will help you to control them. You may encounter any of
the following general hazards when you work on or around
pressure systems:

Mechanical failure—Gas cylinders at the Laboratory are generally
filled to around 210C pounds per square inch gauge (psig). Under
spc:;\ hjsh pressure, damaged or mishandled cylinders can fracture
violenity.

For example, dropping or overheating a pressurized cylind=r can
cause a frarture and a sudden release of the cylinder's contents.
Other mis nandled or poorly designed cryogenic and pressure
vessels and their fittings can also fracture or become airborne.

Whipping injuries—Iif not secured property, broken gas lines and
hoses can cause severe whipping injuries.




Module 2: Pressure-Related Hazards and Accidents

Hazards Associated with Pressurized Fluids—continued

Injection hazards—Pressurized fluid leaking from a small opening
at high velocity can penetrate the skin and cause internal damage.

Oxygen-deficient atmosphere—\When a compressed inert gas or
any otherwise-harmiess gas escapes from its container, it may
displace oxygen in the air to dangerous levels, putting workers at
risk of asphyxiation. This situation can be especially hazardous in
small, enclosed work areas, such as trailers.

Reactivity hazards—Some gases are toxic, cofrosive, or
flammable and require special handling. For example,

o fluorine, which is potentially fatal if inhaled, can corrode many
systems materials;

e oxygen, although not inherently flammable, will make flammable
objects ignite more easily and burn much more intensely; and

e aluminum burmns hotly in the presence of pure oxygen.

Cryogen hazards—When used improperly or because of
unforeseen problems, a cryogenic system can develop very high
pressures. Thus, cryogenic systems must be equipped with
pressure-relief devices to prevent dangerous levels of prassure
buildup in all portions of the system where -

e liquid cryogens are present,

e cryogen boil-off gases could be trapped, or

e air could =sidense and become trapped.

Cryogenic materials are extremely cold and can cause injuries
similar to burns. Cryogens can also expand greatly as they warm to

room temperature, creating hazards related to energy release and
oxygen deficiency.

12



Module 2: Pressure-Related Hazards and Accidents

Causes of Pressure-Related Accidents
Pressure-related accidents often resuilt from one of three general
causes:
o failure to consider and control hazards,
o failure to identify hazards during the work process, or
¢ failure to follow safe work practices.

More specifically, pressure-related accidents usually stem from
e poor design in terms of
— control and safety devices,
— material strengths, or
— material compatibilty;
o faulty component manufacture;
o faulty assembly and/or installation;
s poor maintenance; or
e poor operating procedures, including failure to follow HCPs.

13



Module 2: Pressure-Related Hazards and Accidents

Lessons Learned: Glove Box Overpressurization

Scenarios

As part of their design, glove boxes are often supplied with a
constant flow of gas, such as argon, nitrogen, oxygen, compressed
air, or instrument air. Engineers at the Savannah River Site
determined through a hazard analysis that an accident scenario
involving a breached glove box would occur should both the flow
regulator (on a 2640-psig supply of compressed gas) and the
pressure-relief device fail simuitaneously.

The normal inlet and exhaust flow rates that these glove boxes
can handle is about 40 standard cubic feet per minute (scfm).
Engineers determined that a failed flow regulator would result in
an unimpeded flow rate as high as 923 scfm. Such a dramatic
increase would certainly result in an overpressurization. Without a
working pressure-relief device, pressure buildup in the glove box
would breach the glass or plastic enclosure and disperse
radioactive material into the surroundings.

A review by the Savannah River staff of past occurrences showed
that glove boxes have been overpressurized, resulting in ruptured
windows. This has occurred at Oak Ridge National Laboratory:
during fire-system tests using a 35-psig compressed-gas supisty of
argon. At Los Alamos National Laboratory in Julv 41554, a glove box
was overpressurized in the plutonium srocessing facility. The
resulting failure of the glass wirZow resulted in the contamination of
two persons.

Causes

The Oak Ridge occurrences were the result of pressurized argon
being injected into a glove box that lacked adequate pressure-refief
components.

The Los Alamos occurrence was traced to a closed butterfly vaive,
combir:ad with the effects of having doors ciosed on nearby glove
boxes. Ttis combination effectively reduced the glove box exhaust
capacity io zero and led to overpressurization.

Questions

1. What could have been done to prevent the Oak Ridge
occurrences?

2. What could have been done to prevent the Los Alamos
occurrence?

14



Module 2: Pressure-Related Hazards and Accidents

Lessons Learned: Glove Box Overpressurization—continued

Corrective Actions

Facility managers must ensure that compressed-gas sources are
identified, analyzed, and controlled. Inlets to glove boxes should
have fixed restrictors, flow preventors, or pipe-sized reductions built
into the lines. Facility managers should ensure that their facility
authorization basis includes a hazard analysis for compressed
gases or that required engineering controls are used.

Lessons Learned: Tube Trailer Explosion

Scenario

In 1981, workers at the Laboratory were filling hydrogen cylinders
from a large, hydrogen-filled tube trailer. A common manifold was
used which also connected a tube of oxygen. Only one valve
separated these incompatible gases. The valve leaked.

Because the energy required to ignite hydrogen/oxygen mixtures is
so low and can even be created by friction, rushing sand particles
in the tubing sparked an explosion. Pieces of the tube flew as far as
the Los Alamos landfill, approximately 700 yards away. Two
workers were injured, and damage to equipment wz: extensive.

Causes

Investigatorz Jdetermined that the fittings for the hydrogen and
oxygen delivery systems were similar, allowing the connection of
incompatible gases to the same manifold. in addition, workers were
not following procedures and did not understand the serious
hazards of mixing hydrogen and oxygen.

Corrective Actions

As a result of the explosion,

o the gus facility’s management structure was changed;
e standard operating procedures were rewritten;

e worker training requirements were improved; and

* engineering changes were made, including changing the fittings
to make it impossible to mistakenly mix hydrogen and oxygen.




Module 2: Pressure-Related Hazards and Accidents

Low-Pressure/High-Volume Systems

The total force of even very low pressure on a large area can create
a serious hazard. Failure to consider low-pressure/high-volume
hazards can have serious consequences, which may not be readily
apparent.

The magnitude of a pressure-related accident is related not only to
the pressure level but also to the total stored energy. Large
pressurized surfaces—even at very low pressures—can store huge
amounts of energy. If released, such energy can expiode forcefully,
causing severe accidents and injuries.

For example, an overpressure of only 5 psig on a 4-foot-diameter
manhole cover on a large tank caused two fatalities when the bolts
were removed for routine maintenance.

16



Module 3: Pressure System Safety

Module Overview

ng To prevent accidents such as those described in the previous
module, pressure-control devices are designed into any system

that is pressurized above the ambient pressure. Many pressure
systems—whether their energy source is a compressed gas
cylinder or a compressor—use safety manifolds, relief devices,
and pressure gauges to ensure that each portion of the system
operates at safe pressures. Carefully chosen pressure-system
components can handle the expected pressures and are
compatible with the properties and temperatures of the fluids
they contain.

Module Objectives

When you have completed this module, you will be abis to

e define basic pressure-system terms,

e recognize safety components buiit into pressure systems, and
o list safe work practices relating to pressure systems.

Terms and Definitions
The following terms are used in discussing pressure-system safety:

Maximum allowable working pressure (MAWP)—determined by
the weakest component of a system or subsystem. The pressure-
relief device protectiiig that part of the system is set to the MAWP.

Maxiizum operating pressure (MOP)—the actual working
press:ire, usually 10 to 20% below the MAWP. This lower pressure
prevents the pressure-relief device from opening unexpec:adly.

Safety fs ctor—the ratio of the component-failure burst pressure to
the MAWP. The safety factors are

o atleast 4 for systems in occupied areas,

e 3 to 4 for remote systems, and

e under 3 with approval from line management, generally after
review by the PVPC.




Module 3: Pressure s'ystem Safety

Safety Manifolds

Dead-ended systems are those in which fluids are continuously
held under pressure. This is different, for example, from an open-
ended system, such as an acetylene torch, in which pressurized
gases flow directly into the open atmosphere.

Many dead-ended pressure systems at the Laboratory are supplied
by compressed gas. All dead-ended systems require a safety
manifold to control the source gas from its entry point to its end
use. Safety manifolds

o regulate delivery pressure,

¢ protect from overpressurization,

¢ indicate pressure level,

o vent unused pressurized gas, and
o meter end-use pressure.

The basic components of a safety-manifold system are shown in the
diagram below.

ee System Gilge®
Safety m : (optional)
m‘m H [}
Reguiator Vaive ;
7 '
3 \ Fill Valve E
i

r
1
-

Vet Vaive Relief Vaive
(oot ot MAWP)

Lecmencamveewah

‘o 2 %ot gauge of over 4 inches In diameter is required, ikt must be of the “safety type*
with I owout back and sscurely sttached plastic face. The scale should read about
doubie the system pressure, but never lses than 1.2 trmes the madaum systam pressurs.

Safety-Manifold System
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Module 3: Pressure System Safoty

Regulators

Regulators are devices that control the pressure of the system
contents. Regulators reduce pressure; they do not act as positive
shutoffs. When they malfunction, gas can creep through them at a
slow rate and increase downstream pressure beyond the MAWP.
A fill valve should always be used to shut off gas flow completely.

Note: Many regulators contain built-in relief devices to protect the
regulator. These devices do not protect the system.

Single-stage regulators are used when constant regulation is not
important, as in a building’s air system. These regulators provide
high flow rates at moderate pressures and allow output f ressures
to drop as cylinders empty.

Two-stage regulators maintain constant delivery pressures as

cylinders empty. These regulators generally aliow lower flow rates.

Pressure-Relief Devices

In addition to the pressure-relief devices built into the gas cylinder
and the regulator, the pressure system as a whole must also be
protected by one or more pressure-relief devices.

Pressure-relief devices for the system must

e be set to below or at the maximu; presshre determined by the
component with the lowest viAWP,

e provide s.:5icient flow capacity,
e provide a safe discharge path,

* Dbe placed on all parts of the pressure system that can be
isolated, and

e be reset only by authorized workers.

Note: All adjustments anc other changes to a pressure-relief device must

be recorded in a logbook.

19



Module 3: Pressure System Safety

Vent Valves

Tightening or adjusting any pressure-system component while it is
under pressure places undue strain on the threads and can lead to
failure. Opening a threaded connection to release or vent pressure
is also unsafe. Therefore, vent vailves must be provided to relieve
pressure in all parts of the system where pressure can build up.

Depending on the type of gas, vent valves must discharge safely
away from personnel, often directly to the outdoors. These
discharge paths must be maintained as originally designed.

Double Block and Bleed

All valves can and will eventually leak. Leakage may be due to
wear or contamination at the seat; however, even new valves often
allow some pressurized gas to seep through. When a hazardous

gas must be absolutely shut off from a system, extra precautions
must be taken.

In such situations, two shutoff valves are used with a vent valve
between them. To close off the gas flow, both shutoff valves are
closed and the vent valve is opened. Any gas passing through the
first valve escapes safely through the vent valve rather tii2n building
up enough pressure to pass through the second sh: ttoff valve.

Vot




Module 3: Pressure System Safety

Pressure Gauges

Pressure gauges are often required to provide more accurate
system-pressure readings than regulator gauges can provide.
Pressure gauges

are most accurate if graduated to about 2 x MAWP;,
should not be used if they read less than 1.2 x MAWP;

must be made from materials that are compatible with system
contents and pressures;

must be safety-type gauges if used in high-hazard applications
(for example, the gauge must have safety glass and a blowout
back);

should be protected with a snubber against surges or oscillating
pressures; and

should be protected with a pressure-relief device.

Caution: Never use oil in an oxygen gauge.

Safe Work Practices

When working on or around pressure systems, you mus® adhere to
safe work practices, including the following:

Wear safety glasses with side shields, or u:s& a face shield.
Follow HCP or SWP requirements carefully.

Use warning <igns, and mark or label pressure vessels and
syste:wis to identify the operating pressure and contents.

Restrict access to high-pressure areas.
Handle, store, and dispose of gas cylinders safely.

Avoid temperature exiremes, which cain cause pressure
changes and component failure.

Caution: Never, under any circumstances, work on a pressure system
while i. is under pressure. Instead, depressurize the system, and use
lockout=gout if appropriate.

Pressure Safety Orientation



Module 3: Pressure System Safety

Exercise: Pressure System Assembly

The diagram below shows a top view of a typical pressure system.
During this hands-on exercise, you will make three connections of
four preassembled subsections of this system.

1 Cylinder 10 Vent Tube
2 CGA Connection :; Saubber
3 System Gauge
4Wmmmv.m 13 Slocking Vaive
5 Down Tube 14 Vent Vaive
6 Vent Valve 15 Vent Tube
7 Vent Tube 16 Bilocking Vaive
8 Check Valve 17 Pigtali
9 Pressure-Reliet Device

Pressure System Assembly

instructions: To assemble the nrassure system, follow these
steps. Note: All conneciions use Swa: fittings, which should
first be hanc-iigntened and then wrench-tightened, using two
wrenches, with no more than a one-eighth tum. Avoid cross
threading; if the pieces do not fit together easily, notify the
instructor.

1.

Connect the down tube (5) to the Tee connected to the vent
valve (6), the vent tube (7), and the check valve (8), such that
the tube reaches up ¢> where the regulator (3) will attach to the
gas cylinder (1).

Connest the check-valve end of the system to the Tee connected
to the pressure-relief valve (9) and the snubber (11), which is
connected to the system gauge (12). Note: This second
subsectici1 contains a simple copper tube representing the
pressure vessel to be served by the safety manifold.

Connect the system-gauge end of the system to the double-
block-and-bleed arrangement (13, 14, 16), which is connected
to the pigtail (17).

22



Module 3: Pressure System Safety

This system is now ready to be connected to a regulator and
mounted onto a gas cylinder in the Gas Cylinder Safety course,
which is a follow-on to this course.

Pressure Safety Orientation



Module 3: Pressure System Safety

Exercise: Pressure System Assembly—continued

This system is now ready to be connected to a regulator and
mounted onto a gas cylinder in the Gas Cylinder Safety course,
which is a follow-on to this course.

Pressure Safety Orientation



Pressure Safety Orientation

Course Objectives

* Recognize that ges compressed above atmoepheric
pressure can be a significant source of energy and
must be handied carefully

« List the major components of the Lsborastory Pressure
Safety Program

* Deecribe pressure-reisted accidents and lessons
leamed

* Recognize basic pressurs systems and their safety
features

Module 1 Objectives

« List training requirements for pressure-system
workess

* dentify pressure-related codes, standerds,
reguiations, and Laboratory requirements

* identify Laboratory pressure safety resources and
supports

Pressure Safety Tnlniﬂnoqﬂnm«m

Pressure safety treining is required for all personnel
who work with pressure systeme and perform any
of these functions

* Design
« Instaltation
* 2 sating

* Inspection
* Maimenance
* Operation

Other Pressure Safety Training Available

« Gas Cylinder Sstv-ty

¢ intermediate- ar.:i High-Pressure Safety
* Cryogen Safety

* Hydcogen Gas Salety (Se¥t-Study)

National Safety Codes and Standards

ASME Boller and Pressure Vessse! Code
ANSVASME Pressure Piping Code
Matheson Gas Data Book

CGA handbook and pamphiets

Nationasi Fire Codes and Stander:;

* 20CFR 1910

* 48 CFR 108-100

* Uniform Fire Code

* Uniform Buliding Code

* Federal and state environmental reguistions

Page 1
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Laboratory Pressure Safety Program Documents

o LIR402:510-01, Chemical Management

o LIR402-1200-01, Pressure, Vacuum, and Cryogenic
Systems

* LIR402-580-01, Cryogenic Fluids or Cryogens

* LiIG402-1200-01, Compressed Gases

« LIG402-1200-03, Gaseous and Liguid Hydrogen

« LIG402-1200-02, inspection and Testing of Pressure
Systems

Pressure Safety Committees

Phons
Proseure Sefely lesus Qreup Mumber
Operational sonirele EON-8 7-4844
Textolty and vertiotion E8M-8 7-8231
Systom dusign PM-DO 8-0080
| Opevation, maintenance, & FWOSE 70087
|sosting
Piro-protostion standards FWO-MIRE |  7-00086
| Prossure-gauge calibration ESA-MT 7-4064
| Gan-taciity sadety BUSA 7-4008
Piok [ =) 7-3383
Training E9H-13 7-0000
Precsire Sufvly Olemiaion: Lo Atanws
Liquid Nitogen Dewar Explosion
Uss and Setup % Cause
*Used 1o cool aucienr detector  <Vent ine ehetructed; intentionsity?
“inverted Dowar with U-tube +No pres sure relief valve
vent «Lack of s Y\clont knowiedge
mnm *0id not apply tSi:
“Vent Sne modified 10 bulld up “Oa 30t use Lab resources
prosswe Corrective Action
No x> it valve & “Adhers to Lifts
incident g’f S0P written for LN2
«Preg sure rose abeve 300 pei «Training
Exploded 3 minutes after evac  -inepections and welllowns
m..—uqan-—- Les Alasws

ond o onlety o
Gae Sabty
(crasc) [
1 Assiete with hazard sssassments, NCPe,
L-nm..
Reviews operstions, systeme, and the
ealely of eryogenic Dounre.
[For inlormntian on the CLARC, eall 7-4240.
Vesas! and | Reviows designe.
Pipine s Adviess and
evec) L L wide
> Roviews noneeds devigne.
immw
or infermetion on the PYPC, call §-85¢3 __ |
Proasure Saey Oflossasion Los Alawas
Module 2 Objectives

* Recognize hazards associated wih pressurized fluids
* Describe the causes of pressure: sisted accidents

* Recognize the importance of safety while working
with pressurized systems and contsiners

Hazards Associated with Pressurized Fluids

* Mechanical fallure—LUnder high preseure, dameged or
mishandied pressure vessels can fracture viclently.

* Whipping injuriss—Unsecured lines and hoses can
lash through objects and cause severe boc”*; herm.

* Injection hazerde-—Preseurized fluid leaking from a

small opening at high veiociy can penetrate the skin
and cause Internal damege.
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Hazards Associated with Pressurnized Fluids " i General Causes ot Pressure-Rel

By en detioe Ry 1
) vreatha Ty Fa (TR 1 1ttty $ sider haz
' y 2a ' ) ' Witk 688
] 3! Fy ot stabis t haza
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Gas Plant Accident

*

oy

Tleead
* When abso lute shutoff is necessary, extr 4 precautions
must Le taken
* Two shutoff vaives are used with a vent veive between
them
* To ciose off the gas flow, both shutoft vaives are closed
and the vent veive is opened

T s Sy Ottt

Cheses

s b

Specific Causes of Pressure-Rel. ted Accidents

* Poor design in terms of

* Faulty sssembly and/or installation
* Poor maintenance
* Poor operating procedures
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Low-Pressure/High-Volume Systems

« Even very low pressures on a large area can amount
to tremendous levels of energy

* The magnitude of a pressure-related accident relates
to the total stored energy

* A 5-psig overpressure on a 4-foot-diameter manhole
cover on a large tank caused two fatalities

LOW PRESSURE ACCIDENT

Module 3 Cbjectives

* Define basic pressure-system terms

Terms and Definitions

* Maximum aliowabie working pressure (MAWP)
— Determined by the weekest component
— Determines the pressure-refief device setting

* Recognize safety components built into pressure * Maximum operating pressure (:1OP)
systems —mwwM,m;"%bmm
* List safe work practices relating to pressure
— Prevents the L
e 5 — A:'pnu- slief device from opening
* Szlety Factor
— Ratio of the component-falture burst pressure to
the MAWP
~— At least 4 in occupied aress; 3 to 4 in remote aress;
under 3 with special spproval
Praesuro ey Ortenistien Los Alemoe Prvmsors ety Crimbaties: Lot Almenos
Pressure Levels Safety Manifolds
" Toot presswre for =
: * Proseurs vessst 9
+ Reactive presse. . “eteme ]
. : Marmmatie wise sy, . rediesciive) b * Reguiate delivery pressure
Lt -
» :l ;:mm:mf&____‘”_ E * Protect from overpressurization
- _< .-uu.'.""" — _: * indicate pressure level
o w“""'m-,‘_____“m 3 * Vent unused pressurized gos
-l e e oo By BroseeE s S * Meter end-use pressure
™ 'm*.nh-‘:
Cyfinder service procsurs  below e MANP Lower HWOPs e
- - oy e HOPY aro sl b
Seerms DOE Satre ety S
O ape ety vesatra. (os Aleswos R e Rty Los Almsvas
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Safety-Manifold System
Systom Geugs*
Saloty % (optional)

Roguister Vaive

R_egumon

* Reduce pressure
¢ Maintain pressure at a set value

* In conjunction with aperture sizes, determine the
flow of pressurized contents through systems

* Can not assure positive shutoff

ventvane  Sutfabe
U & toat gauge of over 4 inches In diametr is required, it must be of the
° type” with bock and y plastic face The
scale should rend about double The system pressure, bttt neveriess than
12 mee the mauimum System pre ssire.
Arossure fulvgy Onfontation Los Alanss Promus My Osesation Los Alasas
g_ggulators {cont) System Pressure-Relief Devices

¢ Single-stage reguiators
— 81y used when constant regulation is not needed
or input pressure is kept constant;
— provide high flow rates at moderate pressures;

~— lot output pressure vary with the input pressure.

* Two-stage reguiators
~— generally are limited to lower fiow rates;
~ maintsin constant delivery pressures over large
range of input pressure.

Prossize Solviy Ovonistion

* Set to below or at the maximum pressure determined
by the component with the lowest MAWP

* Provide sufficlent flow capacity
* Provide a ssfe diacharge path

* Placed on all parts of the j»'s: sure system that can
be lsclated

* Reees? Zixy by suthorized workers

Vent Valves

* Relieve pressure in all parts ! the system where
pressure can build up

* Must discharge safely away frum personnel, often
directiy to the outdoors.

* Discharge paths that are changed must be assured
to avoid harmful contact with personr.es.

Los Alawws

PuuunGu_lg.

* Provide system-pressure readings

* Most accurate ¥ gradusted 10 about 2 x MAWP

* Should not be uesed if they read less then 1.2 x MAWP

¢ Must be made from materiels thet sre compatible with
system coments and pressures

* Must be safety-type gauges if used in high-hazard
applications

* Should be protected with a snubber ageinst surges or
* Should be protected with a pressure-relief device
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Safe Work Practices

* Wear safety glassee with side shiekis; use a face
shield alec for high hazard setupe.

« Follow HCP or SWP requirements carefully.

* Use warning signs and label preseurs vessels and
systeme 10 kientily operating pressury and contents.

* Reetrict access 10 high-pressurs srees.

o Avoid temperature extromes.

= Handle, store, and dispose of gas cylinders safely.

* Never use a body part 1o test for pressurs.

* Never work on a system while it s under pressure.

Protsn Setuly Ostomtation Las Alems

nut onto the body.

body) about one-sighth of a turn,

for @ loak-tight senl.

* Hend tigiven after carefully aligning the threads of the
* Wrench tighten with two wrenches (beckup wrench on
NOIS: Thees instruetions apply only to this slessroem astvity. NeSes

preciuded by S1e raoultant diwivished nut and body epesing requived
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